
I (  P -  

- 
TRANSMITTER 19 -d TRANSMITTER 

17- TRANS PONDER ‘2 TRANSPONDER 

r------ --I 

L - - - - - - - 

21 --I r---- RECEIVER - -  --%=/ 
L - - _ - - _ - -  J 

RECEIVER : 
A 

J. H. SCHWABER 

- I 1  ! 

-15 

-13 

COOPERATIVE DOPPLER RADAR SYSTEM 

Filed Oct.  19, 1967 Sheet 1 o f  3 

. . . . . . . . . . 
-*L --a*. , 

~ .. ”... ... .. \ . ,. 

43 37 
49 L, f .  I 

‘ I  
-4- 

f 2  
4- 

L3* 

INVENTOR. 
ES H. SCHRADER 

BY 



J. H. SCHRADER 

COOPERATIVE DOPPLER RADAR SYSTEM 

Filed Oct. 17. 1967 Sheet 2 o f  3 

5 107 
/ 

FILTER 4=k 2 
-&,I = f3 

133 

9- 

INVENTOR. 
JAMES H. SCHRADER 



J. H. SCHRADER 

COOPERATIVE DOPPLER RADAR SYSTEM 

F i l e d  Oct. 17, 

c 

P 

1967 

- 
4 + 

(u 

Y 

___- 

- I n  

Sheet 3 o f  3 

G3 c 

-SI--- 

1 D 0 

N -7 L 

c 

0 
.c + 

- 

INVENTOR. 

N 
w- 
& 

JAMES H. SCl-&AD€R 

ATTORNEYS 



Int. ’63. Gbls 9/56 us. c1.343--6.5 PO Claims 

A @T 
This invention is an apparatus for aiding a pilot in 

avoiding midair collisions between aircraft. A protected 
aircraft carries a transmitter, a transponder and a re- 
ceiver; and and intruding cooperating aircraft carries a 
transponder. The transmitter of the protected aircraft 
transmits a pair of continuous wave signals to the trans- 
ponder of the intruding aircraft. The intruding aircraft’s 
transponder mixes the two signals and retransmits a dif- 
ference frequency signal back to the protected aircraft. 
The protected aircraft compares the retransmitted signal 
with the difference between the pair of transmitted signals 
to determine the Doppler frequency. The Doppler fre- 
quency is a measure of the range rate between the intrud- 
ing aircraft and the protected aircraft while the intensity 
of the return signal is a measure of the range between the 
two aircrafts. When a possible collision condition is de- 
tected, the pilot of the protected aircraft is warned so 
that he can take the necessary evasive action. In addition, 
apparatus is provided for allowing all aircraft to operate 
on the same frequency bands by utilizing a means to sup- 
press the numerous cross-modulation products that are 
generated when a plurality of protected aircraft interro- 
gate the transponder of an intruding aircraft. 

The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefor. 

Background of the invention 
In recent years, the use of aircraft as a transportation 

medium has become extremely widespread, resulting in a 
tremendous growth of private, commercial and military 
aircraft. And, as the number of aircraft has increased, the 
probability of midair collisions has also increased. Be- 
cause an aircraft can receive a collision from numerous 
angles that are out of the view of the pilot, even the most 
observant pilot is subject to the possibility of a midair 
collision. Even when another aircraft is located in what is 
normally an observable region, it may be obscured by 
clouds, fog or haze, for example. Hence, it is desirable to 
provide a system that aids the pilot by warning him of 
approaching or intruding aircraft. 

The prior art has, to some extent, attempted to solve the 
problem of midair aircraft collisions. It has proposed vari- 
ous systems for detecting the possibility of midair colli- 
sions so that pilots can be warned in t h e  to take evasive 
action. Complex radar systems either mounted on an air- 
craft or located on the ground have been proposed and are 
in use. The major disadvantage of these systems is their 
complexity, making them subject to failure. In addition, 
their complexity makes them expensive. Hence, in addi- 
tion to providing a system to aid in preventing midair 
collisions, it is also desirable to provide such a system 
that is relatively simple and low in cost while being suffi- 
ciently variable so that its performance and cost can be 
varied over a range that allows its use on small, inexpen- 

sive aircraft as well as large, expensive aircraft depending 
upon the degree of protection desired. 

Therefore, it is an object of this invention to provide 
an apparatus for aiding a pilot in avoiding midair colli- 

It is also an object of this invention to  provide an ap- 
paratus that warns a pilot of a possible collision, yet is 
uncomplicated and low in cost. 

It is another object of this invention to  provide an ap- 
10 paratus for warning a pilot of a midair collision that is 

suitable for use on small as well as large aircraft. 
It is a further object of this invention to provide a pilot 

warning apparatus that warns of possible midair colli- 
sions with a plurality of aircraft without becoming satu- 

It is an additional object of this invention to  provide a 
pilot warning system that is flexible in complexity and 
cost, making it suitable for use on a wide range of air- 
craft. 

5 sions. 

15 rated. 

20 Summary of the invention 
In accordance with a principle of this invention, an ap- 

paratus for warning a pilot of a possible midair collision 
is provided. A protected aircraft carries a transmitting 

25 means that transmits a signal to intruding aircraft. The 
intruding aircraft carry transponder means that receive 
the transmitted signal, electronically manipulate it, and 
retransmit a signal. The retransmitted signal is received 
by a receiver carried by the protected aircraft. The pro- 

3o tected aircraft compares the transmitted signal with the 
retransmitted signal to determine the range rate between 
the two aircraft. This range rate signal aids in determining 
the possibility of a midair collision between the two air- 
craft. 

In accordance with another principle of this invendon, 
the protected aircraft transmits a pair of signals. This 
pair of signals is mixed by the transponder in the intrud- 
ing aircrafts to develop a difference frequency signal. 
This difference frequency signal is compared in the pro- 

40 tected aircraft with the difference between the pair of 
transmitted signals to determine the Doppler frequency. 
The Doppler frequency is a measure of range rate and 
the intensity of the return signal is a measure of the 
range. When these two measurements are suitably inter- 

45 preted, they determine the possibility of a midair collision. 
In accordance with a further principle of the invention, 

the transmitter of the protected aircraft is randomly mod- 
ulated so that the effect of cross-modulation products that 
are generated when a transponder is interrogated by more 

5o than one aircraft can be eliminated. That is, cross-modu- 
lation products of undesired signals are suppressed by the 
use of random modulation. 

It will be appreciated that the invention is a rather un- 
complicated and inexpensive means for aiding a pilot in 

55 avoiding aircraft collisions. A simple transponder is lo- 
cated on all airplanes whether large or small. Airplanes 
desiring protection also have a transmitter and a receiver. 
The transmitters of protected aircraft interrogate trans- 
ponders of all intruding aircraft and the protected air- 

60 craft’s receivers determine the possibility of collision with 
the intruding aircraft. When this determination is made, 
the pilot of the protected aircraft is warned so that he 
can take suitable evasive action. In addition, the use of 
random modulation allows a common frequency alloca- 

65 tion to be utilized by all aircraft. A fixed modulation tech- 
nique would require that each aircraft have a separate 
channel, however, by comparing a randomly modulated 
transmitted signal with a like randomly modulated re- 
transmitted signal, a system is provided that suppresses un- 

‘O wanted signals without the necessity of providing separate 
channels and sophisticated electronic suppression systems. 

35 

’ 
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to the retransmitted frequency f 3  plus another Doppler 
shift Af3(Af3=Afl -AfZ) .  This received signal is applied 
to a receiver 35. The receiver 35 also receives a dgerence 
signal ( f l - f z )  directly from the transmitter. The receiver 
compares these two signals to derive a signal at  the Doppler 
frequency 2Af3 proportional to the relative velocity be- 
tween the two aircraft. Due to the two-way transmission 
and the multiplication in the transponder 49, the power 
level of this signal varies inversely as the sixth power of 
the range between the two aircraft. This signal, therefore, 
contains information concerning both the range and the 
range rate between the two aircraft and is applied to a 
suitable display device 35 which can indicate the hazard 
that exists relative to a collision. 

The receiving antenna 41, the receiver 33, and the 
display 35 can take on numerous forms depending upon 
the desired protection and/or cost of the equipment in- 
stalled on a protected aircraft. For example, in an un- 
complicated system, the protected aircraft receives the 

20 retransmitted signal on a simple, relatively nondirectional 
antenna with a single channel receiver which actuates a 
simple audio or visual display that merely indicates that 
an intruding aircraft is near and the rate at which it is 
approaching. In this manner, the pilot is warned of an 

25 approaching aircraft so that he can take evasive action 
if his sight indicates that it is reauired. Basicallv. all this 

15 

The foregoing objects and many of the attendant ad- 
vantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description when taken 
in conjunction with the accompanying drawings wherein: 

FIG. 1 is a block diagram illustrating the general con- 
cept of the invention; 

FIG. 2 is a block diagram illustrating one embodiment 
of the invention; 

FIG. 3 is a block diagram of a transmitter suitable for 
use in the embodiment of the invention illustrated in 
FIG. 2; 

FIG. 4 is a block diagram of a transponder suitable 
for use in the embodiment of the invention illlustrated in 
FIG. 2; 

FIG. 5 is a block diagram of a receiver suitable for 
use in the embodiment of the invention illustrated in 
FIG. 2; 

FIG. 6 is an alternative embodiment of a transponder 
suitable for use in the embodiment of the invention 
illustrated in FIG. 2; and 

FIG. 7 is a block diagram of a somewhat more complex 
embodiment of a portion of the invention. 

Description of the preferred embodiments  
FIG. 1 illustrates in block form the general concept of 

the invention. The items carried by a protected aircraft 
are illustrated on the right of FIG. 1 and the items car- 
ried by an intruding aircraft are illustrated on the left. 
The protected aircraft carries a transmitter 1 
13 and, preferably, a transponder 15. The intruding air- 
craft carries at least a transponder 13. 

The transmitter 11 of the protected aircraft transmits 
an interrogating radar signal that passes along the upper 
arrowed solid line illustrated in FIG. 1 to the transponder 
17 of the intruding aircraft. The transponder electronically 
manipulates the transmitted signal and retransmits a signal 
to the receiver 13 of the protected aircraft along the 
lower arrowed solid line. The receiver compares the 
transmitted signal with the retransmitted signal and gener- 
ates an indicating signal. This indicating signal warns the 
pilot of the possibility of a midair collision between the 
two aircraft if the possibility of such a condition exists. 
If such a condition exists, the pilot can take the ap- 
propriate evasive action. 

In addition to carrying the transponder 17, the in- 
truding aircraft may also carry a transmitter 19 and a 
receiver 21, illustrated in dotted form in FIG. 1, so that 
the intruding aircraft can interrogate the transponder 15 
of the protected aircraft and also be warned of the pos- 
sibility of a collision. 

From the foregoing description of the general concept 
of the invention as illustrated in FIG. 1, it will be appreci- 
ated that the invention is a simple, inexpensive radar 
system. 

FIG. 2 illustrates the operation of the invention. A 
transmitter 33. on the protected aircraft generates a C.W. 
(continuous wave) signal at a frequency f l  which is 
transmitted from a first antenna 33. The transmitter 31 
also generates another C.W. signal at the frequency f z  
which is transmitted from a second antenna 39. These 
signals are received at the intruding aircraft on a pair 
of antennas 43 and 45. The signal received on antenna 
43 is at a frequency equal to the transmitted frequency f l  
plus a Doppler shift A f l  due to the relative velocity be- 
tween the two aircraft. Similarly, the signal received on 
antenna 45 is at  a frequency f 2  plus Afz. A transponder 
49 amplifies and mixes these two received signals to gen- 
erate a signal at the difference frequency 

which is retransmitted from an antenna 47. This retrans- 
mitted signal is received at the protected aircraft on an 
antenna 441. This received signal is at a frequency equal 

f s ( f 3 = f l - f a + A f l - A f d  

simple system does is put the p io t  on notice of an  ap- 
proaching aircraft. 

A more complex receiving and display system uses a 
30 simultaneous lobed directional antenna and multichannel 

receiver for receiving the retransmitted signal from the 
intruding aircraft. The use of this type antenna and re- 
ceiver allows the protected aircraft to determine the direc- 
tion (azimuth and/or elevation angles) of approach of 

33 the intruding aircraft. Hence, the display means designates 
direction as well as rate of approach. 

An addition to either display system includes means for 
measuring the intensity of the received signal to determine 
the approximate distance of the intruding aircraft from the 

A still more complex system utilizes a conventional 
spectrum analyzer(s) sweeping the output of the receiver 
(Doppler frequency band) to separate multiple signals 
received from more than one intruding aircraft. The out- 
puts from this analyzer are applied to the previously *' mentioned forms of display to indicate the various para- 
meters for all intruding aircraft. 

Alternative to a display means designating the approach 
of an intruding aircraft, the display means could indicate 
a course of action to the pilot of the protected aircraft 

50 when an intruding aircraft is detected. That is, rather 
than indicating that an intruding aircraft is located in a 
particular quadrant of a display system, the indicating 
means could indicate that the protected aircraft should 

From the foregoing discussion, it will be appreciated 
that the display means can take on a plurality of forms. 
In addition, suitable suppression means can be included 
in the various display systems for suppressing any signals 

6o relating to intruding aircraft that are moving away from 
the protected aircraft because there is no possibility of 
collision with those aircraft. 

FIG. 3 illustrates a simple transmitter suitable for use 
in the embodiment of the. invention illustrated in FIG. 2 
for generating the transmitted signals at  frequencies f l  

65 and fz. The transmitter illustrated in FIG. 3 comprises: 
a noise generator 5%; a first F.M. (frequency modulated) 
oscillator 53; a second F.M. oscillator 55; a mixer 57; a 
first filter/amplifier (tuned R.F. amplifier) 58; and a sec- 
ond filterlamplifier 61. The noise generator has two out- 

70 puts which are independently controlled in both spectral 
content and amplitude. These two outputs are connected 
to the inputs of the two F.M. oscillators 53 and 55 in such 
a manner that the frequencies of the signals generated 

7s vary with respect to time in a psuedo-random manner, 

40 protected aircraft. 

55 move to a different quadrant. 
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with the controlled parameters 'being the peak frequency aircraft since one is at a frequency (fa-2Af3) below, and 
excursion and the maximum rate-of-change of frequency. the other is at a frequency (f;,+2Affa) above the oscillator 
These parameters are controlled in accordance with the frequency f,. 
allocated R.F. bandwidth and the expected time delay re- The output of the second filter/amplSer 83 is applied 
sulting from the transmission to and from the intruding to one input of the third mixer 85. The second hput  of 
aircraft; The first oscillator 53 generates a signal at a 5 the third mixer 85 is derived from the local oscillator 73. 
frequency of The output of the third mixer 85 is applied to the third 

filter/amplifier 87 which selects and amplifies in signal 
whose frequency (2Af3)  is equal to the difference of the 
frequencies of the two applied signals. The output of this 

The second oscillator 55 generates a signal at a frequency 10 filter/amplifier 87 is, therefore, a signal whose frequency 
is directly proportional to the closing velocity (rate-of- 
change (between the two aircraft and whose amplitude is 
inversely proportional to the sixth power of the range be- 2 

These two signals are applied to the mixer 57- The Out- tween the two aircraft. Hence, both quantities are known put of the 'mixer 57 is applied to the two filter/amPlifiers 15 to the pilot of the protected aircraft when this oubput sig- 
59 and 61. The first filter/amplifier 59 selects the sum fre- nal is suitably displayed. 
quency f l  generated in the mixer, amplifies it, and presents FIG. 4 is a block diagram of an uncomplicated trans- 
it at a first output terminal 67 for transmission. The sec- ponder that is suitable for use in the embodiment of fie 
ond filter/amplifier 61 selects the difference frequency fz invention illustrated in FIG. 2. The transponder illustrated 
generated in the mixer, amplifies it, and presents it at a 2o in FIG. 4 comDrises: a first filter/amplifier (tuned R.F. 
second outuut terminal 69 for transmission. These sig- 

fisfi 

fl-fi 

2 

nals are, as-illustrated in FIG. 2, transmitted to the trans- 
ponders of all intruding aircraft. Signals whose frequen- 
cies are proportional to the difference and sum of the 
transmitted frequencies are available at terminals 63 and 
65, respectively, for use in the receiver and transponder 
of the protected aircraft. 

It will be appreciated that the use of the noise generator 
51 to randomly modulate the F.M. oscillators, hence, 
the transmitted signals, allows a common frequency allo- 
cation or band to be used by a plurality of aircraft when 
interrogating a single transponder. That is, because of the 
random modulation, the receiver of each protected air- 
craft will accept only the retransmitted signal with a 
F.M. characteristic related to its own transmitted F.M. 
characteristic and suppress all other signals. An example 
of a receiver that operates in such a manner is illustrated 
in FIG. 5. 

FIG. 5 illustrates a receiver suitable for use on a pro- 
tected aircraft that comprises: a frequency doubler 71; a 
local oscillator 73; a first mixer 75; a filter 77; a first 
filter/amplifier (tuned R.F. amplifier) 79; a second mixer 
81; a second filter/amplifier (tuned I.F. amplifier) 83; a 
third mixer 85; and a third filter/amplifier (A.F. ampli- 
fier) 87. 

A first input terminal 89 is connected to the output 
terminal 43 of the transmitter and the input to  the fre- 
quency doubler 71 such that the signal out of the fre- 
quency doubler 71 is at a frequency (fl-fz) equal to the 
difference of the transmitted frequencies. This signal is 
applied to one input of the first mixer 75. The other input 
to the first mixer 75 is connected to the output (f,) of 
the local oscillator 73. The output of the first mixer 75 
is applied to the filter 77 which selects the signal whose 
frequency (fl-fz-f,) is equal to the difference of the 
frequencies of the two applied signals. This signal is ap- 
died to one inicmt to the second mixer 81. 

amplifier) 101;> second filter/amplifie; (tuned R.F. amp- 
lifier) 103; a mixer 105; and a third filter/ampIifier (tuned 
R.F. amplifier) 107. The first filter/amplifier 101 is con- 

25 nected to a first input terminal 109 which is connected to 
the antenna 43 suitable for receiving the transmitted sig- 
nal at frequency ( f l+Af l ) .  The second filter/amplifier is 
connected to a second input terminal 111 which is con- 
nected to an antenna 45 (FIG. 2) suitable for receiving 

3o the transmitted signal at frequency (fz+Afi). These two 
filter/amp@ers each pass and amplify their input signals 
while filtering out undesired signals. The outputs of the 
first and second filter/amplifiers 101 and 103 are applied 
to the two inputs of the mixer 105. The output of the 

35 mixer 1Q5 is connected to the third filter/amplifier 107 
which selects and amplifies the signal existing at the 
difference frequency (fl-fz+.4fl-Afz). This signal is ap- 
plied to terminal 113 which is connected to the trans- 
mitting antenna 47 illustrated in FIG. 2. 

It will be appreciated that the system illustrated In 
FIG. 4 is an uncomplicated transponder for mking a 
pair of input signals and generating a signal at their 
difference frequency. This simplicity results in a reliable 
system that can be inexpensively produced. Hence, the 

45 transponder per se is suitable for use on small private 
aircraft as well as large private, military and commercial 
aircraft. 

It will be appreciated that the invention illustrated in 
FIGS. 2-5 is a complete cooperative Doppler radar sys- 

50 tem. The protected aircraft carries a transmitter for trans- 
mitting appropriate C.W. signals and a receiver for re- 
ceiving a return signal modified by a transponder car- 
ried by an intruding aircraft. It will also be appreciated 
that all of the systems illustrated in FIGS. 3-5 for carry- 

55 ing out the basic concept illustrated in FIG. 2 are un- 
complicated and, therefore, reliable and inexpensive. 
And, )because this system is uncomplicated, reliable and 

40 

r - -  inexpensive, it is suitable for widespread commercial use. 
A second &put terminal 91 is adapted to receive the It is well h o r n  that an I.F. system that electronically difference signal retransmitted by the transponder 49 of manipulates a signal is more suitable in some envkon- the intruding aircraft from a suitable antenna. This signal, merits than is a system that directly manipulates a sig- 

whose frequency (fl-f2+2Af3) to the nal. FIG. 6, illustrates a modification of the transponder 
of the transmitted frequencies (fi, fz) PIUS the of FIG. 4 that utilizes an I.F. signal to provide a trans- 
shift 2Af3  incurred in the transmission to and from the ponder that is somewhat more complicated $ut may be 
intruding aircraft, is applied through the first filter/amPli- somewhat more desirable in some environments than the 
fier 79 to the second input of the second mixer 81- The 65 transponder illustrated in FIG. 4. 
output of the second mixer 81 is applied to the second The transponder illustrated in FIG. 6 comprises: an filter/amplifier 83 which selects and amplifies the signal oscillator 121; a first filter/mixer 123; a second filter/ 
whose frequency (fa+2Af3) is equal to the difference of mixer 125; a first filter/ampMer (tuned I.F. ampEer)  
the frequencies of the two applied signals. 70 127; a semnd filter/amplifier (tuned I.F. amplifier) 129; 

It will be appreciated that the filter in the second filter/ a balanced modulator 13%; and a third ftlter/amplifier 
amplifier 83 can be designated such that it will reject sig- (tuned R.F. amplifier) 133. A first input terminal 137 ac- 
rials with Doppler frequency shifts ( -2Af3)  resulting cepts the signal ( f l+Af l )  received on one of the trans- 
from a receding aircraft and accept signals with Doppler ponder antennas 43 (FIG. 2) and applies it to the first 
frequency shifts (+2Af3)  resulting from an approaching 75 filter/mixer 123. A second input terminal 139 accepts the 
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signal received on another transponder antenna 45 (FIG. 
2) and applies it to the second filter/mixer 125. The oscil- 
lator 121 generates a signal at a frequency 

receiving antennas 43 and $5 are connected to terminals 
183 and 185, respectively. These terminals It83 and 185 
are separately connected to the first and second filter/ 
mixers 155 and 857'. The received signals are therefore 
applied to the first inputs of the first and second filter/ 
mixers 155 and 157. The transmitter derived local oscil- 
lator signals obtained at the outputs of the second and 
third filters 153 and 159 are separately applied to the 
second inputs of the first and second filterlmixers 155 
and 157. The signals received from the associated trans- 
mitter are thus converted by the mixers from signals 
whose frequency is variable with respect to time tQ 

These signals are applied to the first and ~ ~ c o n d  filter/ signals whose frequency is stationary with respect to time. 
amplifiers 127 and 129 Where they are amplified. The The outputs of the first and second filter/mixers are 
outputs Of these amplifiers are applied to the first and 15 separately connected to the first and second notch reject 
second inputs t o  the balanced modulator 131. The output filters 159 and 16%. These filters reject all signals orig- 
of this modulator 131 is applied to the input of the third inating from the associated transmitter while only slight- 
filter/mPlifier 133 which selects and amplifies the sig- ly attenuating all other signals. The outputs of the notch 
rial which is at the frequency equal to the sum of the fie- filters 159 and 161 are connected to the first and second 
Wencies of the two signals applied to the modulator 131. 20 filter/amplifiers 163 and 165 which select and amplify 
The Output of this filter/amPlfier 133 is at a frequency the desired I.F. signals. The outputs from the first and 
(fi-fz-kAfi-Afz) equal to the difference of the fie- second filter/amplifiers 163 and 165 are applied to the 
quencies of the two received signals at terminals 137 and two inputs of the balanced modulator 167. The output 
139, and is connected through terminal 135 to the trans- of the balanced modulator 167 is connected to the third 
mitting antenna 47 illustrated in FIG. 2. 25 filter/amplifier 169 which selects and amplifies the sig- 

It will be appreciated that the use of a transponder as nal whose frequency is equal to the sum of the frequen- 
illustrated in FIG. 6 allows the Primary signal amPlifi- cies of the two signals applied to the modulator 167. This 
cation to be obtained at an intermediate frequency lower signal is applied to another notch reject filter 191 which 
than the input frequencies. rejects all transponder transmissions which would be re- 

FIG. 7 illustrates a mmwha t  m ~ e  complicated trans- 30 ceived by the associated transmitter-receiver. The output 
ponder that, in addition to accomplishing the functions of this filter 171 is connected to one input of the third 
of the transponders previously illustrated, has the ability mixer 4173. The second input of this mixer 123 is obtained 
to reject signals resulting from coupling to an associated by doubling the frequency of the signal existing at the 
transmitter-receiver (i.e., one on the same aircraft) by output of filter 
obtaining its local oscillator or conversion signals from 35 output of this m er 173 is connected to the fourth filter/ 
transmitter derived signals. This transponder comprises: amplifier which selects and amplifies the signal whose fie- 
an oscillator 141; a first mixer 143; a first filter 145; a quency is equal to the sum of the two signals applied 
second mixer 147; a frequency doubler 149; a second to the mixer 173. This signal is available at terminal 177 
filter 151; a third filter 153; a first filter/mixer 155; a for transmission by the transponder transmitting antenna. 
second filterlmixer 157; a first notch reject filter 159; a 40 It will be appreciated from the foregoing description 
second notch reject filter 161; a first filter/amPlifier that the system illustrated utilizes randomly modulated 
(tuned 13. amplifier) 163; a second filter/amPlifier signals so that a plurality ,of protected aircraft can inter- 
(tuned I.F. amplifier) 165; a balanced modulator 167; a rogate a single intruding aircraft without requiring that 
third filter/amplfier (tuned 1.F. amplifier) 469; a third each protected aircraft have a separate interrogating notch reject filter 171; a third mixer 1% and a fourth 45 channel. Because each interrogating signal to an inmd- 
filter/amplifier (tuned R.F. amplifier) 175. ing aircraft generates a plurality of cross-modulating 

179 is Oonnected to the transmitter products, undesirable cross-modulation products must 
terminal 63 (FIG. 3 )  thereby applying a signal at a fre- be suppressed. The undesired cross-modulation return 
quency products are suppressed by the receiver because its mixers 

5o are controlled by a local oscillator signd that is in turn 
controlled by the randomly modulated transmission sig- 
nals. Therefore, this unique system results in satisfactory to one input of the first mixer 143. The oscillator 14.1 operation for two reasons: (1 )  because the interrogating applies a signal at  a frequency fc to the other input of distance of a protected aircraft can be limited so that it mixer 143. The output of mixer 1 3 is connected to filter 55 will only interrogate aircraft within a predetermined, 
limited range; and (2) because random modulation can 145 which selects a signal at a frequency 
be used to suppress undesired signals. 

It should be noted that numerous antenna configura- 
tions can be utilized with the invention. The antenna 

is 60 configuration will be determined by the complexity of the 
overall system. That is, numerous directional antennas 
are known in the art- 

It will be appreciated that the invention, as herein de- 
scribed, provides a system for aiding a pilot in avoiding 

65 an aircraft collision. A simple transponder can be mount- 
ed in all aircraft because of its lack of complexity and, 
therefore, inexpensiveness. Further, aircraft that desire 

The output of the second mixer 147 is connected in par& to have specific protection can Carry transmitters and re- 
le1 to the second and third filters 151 and 153. These ceivers so that they will be warned of approaching air- 

and 153 select signals at the difference and sum 70 craft. In addition, the transmitter, receiver and trans- 
frequencies of the two signals applied to the mixer 847. ponder can vary in ComPleXitY in accordance W i t h  the 
The use of this technique results in local oscillator sig- general requirment of various civil, military and com- 
nals [(fl-fc) and (fa+fc)] which are randomly modu- mercial aircraft. 
lated in exactly the same manner as the two transmitted It will also be appreciated by those skilled in the art 
signals from the associated transmitter. The transponder 75 and others that in light of the disclosure, numerous modi- 

fb( fb approx. equal 

between f l  and f z  and applies it to both mixers 423 and 
125 to convert both received signals to an I.F. signal 
appIioximately equal to Y2 the difference frequency 

A &st 

equal to the difference ,between the frequencies of the 
two signals applied to the first mixer $43. This 
then applied to one input of the second mixer 147. 

The other input to the second mixer 147 is connected 
to the transmitter through terminals IS1 (FIG. 7) and 65 
(FIG. 3)  to obtain a signal at a frequency 
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fications can be made within the scope of the invention. a balanced modulator having its input connected to the 
The invention generally requires an  apparatus carried outputs of said e s t  and second filter and amplifiers; 
on a protected aircraft for interrogating a transponder and 
on an intruding aircraft. The transponder retransmits a third filter and amplifier having its input connected 
signals which are compared with the transmitted signal t o  the oufput of said balanced modulator. 
by the protected aircraft to determine if there is a possi- J. Apparatus for mounting on a protected aircraft to 
bility of a collision. If there is a possibility of a colhion, aid it in avoiding midair collisions comprising: 
the pilot of the protected aircraft can take the necessary transmitting means for transmitting continuous wave 
evasive action. Numerous types of transponders, trans- 
mitters, and receivers, other than those specifidly dis- said transmitter means includes a noise generator for 
closed herein, can be used to perform these general func- generating random signals, oscillator means con- 
tions. Hence, the invention can be practiced otherwise nected to said noise generator for generating a sig- 
than as specifically disclosed herein. nal that is randomly frequency modulated, and mixer 

means connected to said oscillator means for gen- 
erating a pair of randomly modulated continuous 
wave signals; 

transponder means for receiving interrogating signals 
and for retransmitting signals; 

receiving means for receiving retransmitted signals; 
rand 

local oscillator means connected to said transponder 
means and said receiver means. 

6. Apparatus as claimed in claim 5, wherein said trans- 

means for sensing interrogating signals and for modu- 
lating said signals by said local oscillator means; 
and 

means for mixing a pair of continuous wave interrogat- 
ing signals and for generating a signal representing 
the difference between said interrogating signals. 

7. Apparatus as claimed in claim 6, wherein said re- 

means for sensing retransmitted signals from interro- 
gated aircraft and for modulating said signals by said 
local oscillator means to suppress undesired retrans- 
mitted signals; and 

signals; 

What is claimed is: 
1. Apparatus for aiding a pilot in avoiding a mid-air 15 

transmitting means mounted on a protected aircraft 
for transmitting a continuous wave signal; 

said transmitting means comprising a noise generator, 
first and second oscillators connected to the output 20 
!of said noise generator, a mixer connected to the 
outputs of said first and second oscillators, and &st 
and second filter and amplifiers connected to the out- 
put of said mixer; 

transponder means mounted on an  intruding aircraft 25 
for receiving said continuous wave signal, for dec- 
tronicdly manipulating said signal, and for retrans- 
mitting a continuous wave signal; and 

receiving means mounted on the protected aircraft for 
receiving the signal retransmitted by said transponder 30 
means and for displaying an indication of the POS- 
sibility of a collision between said intruding and 
protected aircraft. 

2. Apparatus as claimed in claim 1, wherein said re- 

a local oscillator; 
a frequency doubxler having its input connected to the 

a first mixer having one input oonnected to the oUf$Ut 

collision between a imaf t  comprising: 

ponder means comprises: 

ceiver means includes: 

ceiving means comprises: 35 

means for suppressing said local oscillator signal. 
8. Apparatus for mounting on a protected aircraft to 

transmitting means for transmitting continuous wave 
signals; 

said transmitter means comprising a noise generator, 
first and second oscillators connected to the output 
of said noise generator, a mixer connected to the 
output of said first and second oscillators, and first 
and second filter and amplifiers connected to the 
output of said mixer; 

transponder means for receiving interrogating signals 
and for retransmitting signals; 

receiving means for receiving retransmitted signals; 
and 

local oscillator means connected to said transponder 
means and said receiver means. 

9. Apparatus as claimed in claim 8, wherein said trans- 
comprises: 

a first mixer having one input connected to the output 
of said first oscillator of said transmitter means and 
the second input connected to an output of said 
local oscillator; 

a first filter connected to the output of said first mixer; 
a second mixer having one input connected to  the out- 

put of said first filter and the second input connected 
to the output of the second oscillator of said trans- 
nitter means; 

in parallel to the 
output of said second mixer; 

receive an interrogating signal and a second input 
connected to said second filter; 

a second filter and mixer having one input adapted to 
receive an interrogating signal and a second input 
connected to said thkd filter; 

a first notch filter connected to the output of said first 

output of one oscillator of said transmitter; 

of said local oscillator and a second input connected 4o 
to the output of said frequency doubler; 

aid it in avoiding mid& collisions comprising: 

a filter oonnected to the output of said first mixer; 
a filter and amplifier adapted to receive the retransmit- 

ted signal from said transponder means; 
a second mixer having one input connected to the out- 45 

put of said filter and a second input connected to 
the output of said filter and amplifier; 

an I.F. amplifier and filter having its input connected 
ito the output of said second mixer; 

a third mixer having one input connected to the output 50 
of said I.F. filter and amplifier and a second input 
connected to the output of said local oscillator; and 

an I.F. amplifier having its input connected to the out- 
put of said third mixer. 

3. Apparatus as claimed in claim 2, wherein said trans- 55 ponder 

a first filter and amplifier adapted to receive a first 

a second filter and amplifier adapted to receive a sec- 

a mixer having its inputs connected to the outputs of 

a third filter and amplifier having its input connected 

14. Apparatus as claimed in claim 2. wherein said trans- 65 

a first filter and mixer adapted to receive a first signal; 

ponder means comprises: 

signal; 

ond signal; 

said first and second filter and amplifiers; and 

to the output of said mixer. 

60 

second and third filters ponder means comprises: 

a second filter and mixer adapted to receive a second a first and mixer having one b u t  adapted to 
signal; 

an oscillator having its output connected to the sec- 70 
ond inputs of said first and second filter and mixers; 

a first filter and amplifier hlaving its input connected to 
'the output of said first filter and mixer; 

a second filter and amplifier having its input connected 
to the output of said second filter and mixer; 75 filter and mixer; 
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a second notch filter co ted to the output of said 
second filter and mixer; 

a first filter and amplifier connected to the output of 
said first notch filter; 

a second filter and amplifier connected to the output 
of said second notch filter; 

a balanced modulator having its inputs connected to 
the outputs of said first and second filter and amp& 
fiers; 

a third filter and amplifier connected to the output of 
said balanced modulator; 

a third notch filter connected to the output of said 
third filter and amplifier; 

first filter; 

a first mixer having its ut connected to the output 
of said filter and its second input connected to an 
output of said local oscillator; 

a filter and amplifier having its input connected to the 
output of said hmixix; 

a second mixer having its input connected to the out- 
put of said filter and amplifier and its second input 
connected to an output of said oscillator; and 

a second filter and amplifier having its input connected 
to the output of said second mixer. 
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